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THE  NBS  DETECTOR  RESPONSE  TRANSFER  AND  INTERCOMPARISON 
PACKAGE:   THE  INSTRUMENTATION 


Michael  A.  Lind,  Edward  F.  Zalewski  and  Joel  B.  Fowler 
Radiometric  Physics  Section 
Optical  Physics  Division 
Institute  for  Basic  Standards 


A  system  has  been  designed  to  transfer  the  NBS 
absolute  radiant  power  base  in  the  250  to  1150  nm 
wavelength  range.   The  silicon  detector  based  radiom- 
eter and  its  accompanying  test  materials  can  be  used 
to  measure  the  absolute  spectral  response  of  detectors 
and  to  provide  a  diagnosis  of  some  common  measurement 
problems.   The  instrumentation  and  accompanying  com- 
ponents are  described  in  this  publication. 

Key  Words:   Absolute  radiant  power  measurements; 
detector  radiometry;  detector  response  transfer 
instrumentation;  radiometers;  silicon  detectors. 


1.  INTRODUCTION 

This  publication  is  a  description  of  the  electronic  and  mechanical 
aspects  of  an  instrument  designed  and  built  by  the  Electro-Optics  Radiom- 
etry Group  of  NBS.   Several  of  these  instrument  packages  were  assembled 
at  NBS  and  will  be  loaned  to  those  laboratories  interested  in  performing 
accurate  measurements  of  the  absolute  spectral  response  of  detectors  in 
the  near  ultraviolet,  visible  and  near  infrared  spectral  regions.   In 
addition  to  providing  the  basis  of  this  measurement  capability,  the 
instrument  packages  include  several  components  intended  to  diagnose  and 
intercompare  each  laboratory's  capability  to  accurately  transfer  absolute 
response  calibrations  among  various  detectors.   The  general  properties  of 
these  test  components  are  described  here  along  with  their  intended  use. 
Specific  instructions  for  the  use  of  these  test  components  along  with  the 
measured  values  of  certain  key  parameters  are  included  with  the  individual 
detector  response  transfer  and  intercomparison  packages. 

This  publication  also  includes  a  complete  description  of  the  elec- 
tronic circuit  calibration  procedures  followed  at  NBS.  Each  instrument 
will  be  fully  characterized  both  electronically  and  radiometrically  to 
the  limit  of  the  current  NBS  capability.  A  complete  description  of  the 
radiometric  characterization  procedures  will  be  the  topic  of  a  separate 
publication. 

2.  CONTENTS  OF  THE  PACKAGE 

The  complete  contents  of  each  detector  response  transfer  and  inter- 
comparison package  are  contained  in  an  aluminum  case  of  outside  dimensions 
18"  x  13"  x  6"  (46  x  33  x  15  cm).   Figure  1  shows  the  two  major  components 
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of  the  package  which  are  a  2.50"  diameter  x  6.5"  long  (6.35  x  16.5cm) 
cylindrical  detector  head  and  a  3"  x  8"  x  11"  (7.6  x  20  x  28cm)  control 
unit.   A  0.5  cm  aperture  is  mounted  in  front  of  the  detector,  and  both 
the  detector  and  the  aperture  are  protected  by  a  plastic  lens  cap.   In 
addition,  there  are  three  absorbing  glass  filters  and  two  interference 
filters  each  mounted  in  a  special  holder  that  fits  onto  the  front  of  the 
detector  head.   These  filters  are  contained  in  plastic  boxes  to  protect 
them  in  shipping  and  to  prevent  surface  contamination.   Another  plastic 
box  contains  a  wrench  and  the  2-56  alien  cap  screws  used  to  mount  the 
filters. 

3.   DESCRIPTION  OF  THE  FILTERS 

An  accurate  absolute  spectral  response  calibration  of  a  detector 
from  NBS  will  enable  other  laboratories  to  determine  the  absolute  spec- 
tral response  of  many  other  different  detectors  and  radiometers.   How- 
ever, besides  the  accuracy  of  the  NBS  calibration  and  the  various  pertinent 
characteristics  of  the  detector  and  the  electronics,  the  other  key  com- 
ponent in  the  quality  of  the  measurement  chain  is  the  accuracy  of  the 
user's  transfer  of  this  calibration.   The  detector  response  transfer 
package  therefore  contains  several  components  selected  to  diagnose  and 
intercompare  each  laboratory's  response  transfer  capabilities. 

Two  of  the  most  common  sources  of  error  in  detector  response  trans- 
fer are  inaccuracy  in  the  monochromator  wavelength  readings  and  out-of- 
band  (stray)  radiation  transmitted  by  the  monochromator.   To  test  for  the 
accuracy  of  the  wavelength  setting  two  mounted  interference  filters  are 
supplied  with  each  instrument.   One  filter  has  a  transmission  peak  at 
approximately  410  nm  (serial  number's  begin  with  WV)  and  the  other  at  940 
nm  (WR  serial  numbers) .   Each  laboratory  will  be  requested  to  use  their 
monochromator  and  source  to  measure  the  central  wavelength  of  each  filter 
when  mounted  on  the  detector  .head. 

The  other  principal  source  of  error,  stray  radiation,  is  of  two 
types:   radiation  from  all  '^ther  wavelengths  scattered  into  the  monochrom- 
ator's  transmission  band  and  ;the  second  order  diffraction  present  in 
grating  instruments.   For  instruments  employing  an  incandescent  source, 
the  first  type  of  stray  radiation  is  usually  a  big  problem  in  the  blue 
and  uv  spectral  regions  whereas  the  second  is  most  apparent  in  the  red 
and  ir*.   To  test  for  stray  radiation  two  absorbing  glass  cut-off  filters 
are  supplied.   The  filter  to  check  for  stray  radiation  at  wavelengths 
shorter  than  400  nm  (SV  serial  number)  is  a  1  mm  thick  Schott"^  VG-5 


^Instruments  employing  arc  sources  with  intense  uv  lines  are  a  special 
case  since  the  second  order  scatter  will  occur  in  the  visible. 

4- 

1  Certain  commercial  materials  and  equipment  are  identified  in  order  to 
adequately  specify  the  experimental  procedure.   In  no  case  does  such 
identification  imply  recommendation  or  endorsement  by  the  National  Bureau 
of  Standards,  nor  does  it  imply  that  the  material  or  equipment  so  identi- 
fied is  necessarily  the  best  available  for  the  purpose. 
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2.      Nominal   transmission  curves   for   the   three  absorbing  glass 
filters    supplied  with   the  package. 


glass.   For  stray  radiation  at  wavelengths  longer  than  800  nm  the  filter 
(SR  serial  number)  is  a  1  mm  thick  Schott  BG-18  glass.   The  nominal 
transmissions  of  these  filters  are  displayed  in  Fig.  2.   Each  laboratory 
will  be  requested  to  measure  the  output  of  their  monochromator  at  speci- 
fied uv  and  ir  wavelengths  using  the  NBS  detector  both  with  and  without 
the  cut-off  filters. 

A  good  indicator  of  each  laboratory's  response  transfer  capability 
is  how  well  they  can  transfer  the  absolute  spectral  response  from  the 
calibrated  silicon  detector  to  another  detector  having  a  very  different 
spectral  sensitivity.   The  third  absorbing  glass  filter  in  the  detector 
response  transfer  package  (RT  serial  number)  is  a  2  mm  thick  filter  of 
Schott  UG-1  glass.   This  is  a  visible  absorbing  filter  that  has  trans- 
mission peaks  in  both  the  uv  and  ir.   (See  Fig.  2.)   Each  laboratory  will 
be  requested  to  measure  the  spectral  response  of  a  test  detector  (the 
silicon  detector  head  with  the  RT  filter  in  place)  against  that  of  the 
silicon  detector  calibration  supplied  by  NBS.   When  the  SR  and  SV  filters 
are  used  in  tandem  with  the  silicon  detector  the  response  is  limited  to 
only  visible  wavelengths.   The  laboratories  will  also  be  requested  to 
measure  at  specified  wavelengths  the  response  of  this  combination.   From 
the  data  on  the  above  two  test  response  functions  as  supplied  by  the 
various  laboratories  it  will  be  possible  to  intercompare  their  spectral 
response  capabilities  in  three  distinct  spectral  regions:   near  uv,  visi- 
ble and  near  ir. 

4.   OPERATION  OF  THE  ELECTRONICS 

This  high  accuracy  transfer  standard  has  been  made  as  rugged  as  pos- 
sible to  minimize  physical  damage  to  the  instrument.   However,  as  with 
any  delicate  instrument,  special  care  should  be  taken  to  protect  the 
instrument  from  physical  abuse.   In  particular  the  protective  cap  that 
covers  the  detector  should  always  be  replaced  when  the  detector  is  not  in 
use.   In  order  to  insure  the  highest  accuracy  it  is  essential  that  the 
detector  surface  be  kept  free  of  contamination  and  the  aperture  not 
sustain  any  physical  damage. 

The  actual  operation  of  the  device  has  been  kept  as  simple  as  pos- 
sible to  avoid  operator  error.   Two  cables  connect  the  detector  head  to 
the  control  unit.   The  BNC  from  the  detector  head  is  connected  to  the 
ANALOG  INPUT  on  the  rear  panel  of  the  control  unit  and,  the  15  pin  con- 
nector from  the  detector  is  attached  to  the  appropriate  mating  connector 
on  the  rear  of  the  control  unit.   The  control  unit  may  be  plugged  into 
any  110-130  VAC  50-60  Hz  outlet. 

Switch  the  AC  POWER  and  the  TEMPERATURE  CONTROLLER  to  the  ON  posi- 
tion.  Allow  five  minutes  for  the  detector  temperature  to  stabilize.   The 
ambient  temperature  must  be  below  30  °C  for  proper  operation  of  the 
device. 

Remove  the  protective  cap  from  the  detector  head  and  adjust  the 

AMPLIFIER  GAIN  to  the  maximum  setting  possible  for  no  OVERLOAD  indication. 

Adjust  the  TIME  CONSTANT  to  any  desired  value  between  .1  and  10  seconds. 

5 


The  OFF  position  of  the  TIME  CONSTANT  switch  is  used  only  to  check  the 
offset  null  of  the  panel  meter.   A  filtered  output  is  available  at  the 
ANALOG  OUTPUT  on  the  rear  panel  of  the  control  unit  for  use  with  an 
external  DVM.   If  an  unfiltered  output  is  desired  for  lock-in-amplif ier 
or  other  wide  bandwidth  applications,  a  BNC  "T"  may  be  used  at  the  ANALOG 
INPUT  connector. 

5.   ELECTRONIC  CIRCUIT  CALIBRATION  PROCEDURE 

IN  ORDER  TO  INSURE  THE  MOST  ACCURATE  TRANSFER  MEASURE- 
MENTS, NO  ADJUSTMENTS  SHOULD  BE  MADE  IN  THE  FIELD  BY  THE 
USER  WITHOUT  DIRECT  CONSULTATION  WITH  THE  ELECTRO-OPTICS 
GROUP  AT  THE  NATIONAL  BUREAU  OF  STANDARDS. 

Detector  Current  Amplifier  Calibration 

Acce  s  to  the  detector  head  electronics  is  achieved  in  the  following 
manner.   Remove  the  aperture  plate  by  removing  the  three  countersunk 
alien  screws .   Next  remove  the  three  outer  countersunk  alien  screws  in 
the  detector  plate.   Replace  the  lens  cap  to  protect  the  detector. 
Loosen  the  alien  set  screw  on  the  side  near  the  back  (cable)  end  of  the 
detector  head  and  slide  the  outer  shell  back  over  the  cables. 

With  the  silicon  detector  covered  to  insure  zero  light  input,  attach 
the  positive  side  of  a  stable  current  generator  capable  of  a  1  mA  to  100 
nA  output  to  the  cathode  of  the  silicon  detector  SD1,  through  a  1  ¥Sl 
standard  resistor.   The  anode  side  of  the  detector  should  be  connected  to 
the  negative  side  of  the  generator. 

A  high  accuracy  DVM  is  then  used  to  monitor  the  current  output  of 
the  generator  by  measuring  the  voltage  drop  across  the  standard  resistor. 
Check  for  possible  ground  loops  by  reversing  current  direction.   Locate 
R2  and  R3  using  the  diagram  in  Fig.  4.   With  the  current  generator  set 
for  zero  current  output,  adjust  R2  for  a  minimum  voltage  at  the  output  of 
Ul.   Next  adjust  R3  for  a  minimum  output  of  U3. 

Adjust  the  current  generator  to  1.0000  mA  with  the  gain  switch  on 
the  front  panel  of  the  control  unit  set  to  the  10  4  A/V  position. 
Adjust  R14  to  read  10.000  V  at  the  output  of  U3  (the  detector  head  BNC 
connector).  Next  adjust  the  current  to  1.0000  uA  and  set  the  gain  switch 
on  the  10~7  A/V  position.   The  output  of  U3  should  again  read  10.000  V. 
Readjust  R14  slightly  if  necessary.   Try  the  other  gain  settings  to 
insure  the  amplifier  is  scaling  properly.   Using  an  iterative  procedure 
it  is  possible  to  bring  the  output  of  U3  to  the  correct  value  within  .01% 
for  all  gain  settings. 

There  are  several  adjustments  in  the  control  unit  electronics  that 
are  accessed  by  removing  the  two  phillips  head  screws  on  the  rear  of  the 
top  panel  of  the  box.   Set  the  TIME  CONSTANT  switch  to  .1  second.   In 
order  to  set  the  zero  offset  in  the  filter  circuit,  it  is  necessary  to 
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short  the  ANALOG  INPUT  BNC.   Consult  Fig.  6  for  the  exact  location  of  the 
test  points  and  component  locations.   Adjust  R23  for  a  minimum  signal  at 
TP2.   Then  adjust  R24  for  a  minimum  signal  at  the  analog  output. 

The  digital  panel  meter  has  both  zero  offset  and  full  scale  gain 
adjustments  which  are  available  on  the  front  of  the  meter.   It  is  neces- 
sary to  remove  the  meter  to  gain  access  to  these  controls.   First  remove 
the  bottom  panel  of  the  control  unit  by  removing  the  two  phillips  screws 
on  the  rear  portion  of  the  panel.   Next  remove  the  two  nylon  screws  in 
the  center  portion  of  the  main  printed  circuit  board.   The  meter  is 
removed  by  sliding  it  back  and  up  over  the  power  supplies.   First  set  the 
zero  offset  so  the  panel  meter  reads  0.000  ±.001  with  the  TIME  CONSTANT 
switch  in  the  OFF  position.   Then  inject  a  dc  signal  into  the  ANALOG 
INPUT  input  connector.   Adjust  the  input  signal  to  read  10.000  volts  at 
TP2.   Adjust  the  full  scale  pot  on  the  panel  meter  to  read  10.000  also. 
The  meter  offset  may  be  checked  at  any  time  by  switching  the  TIME  CONSTANT 
switch  to  the  OFF  position. 

Temperature  Controller  Adjustments 

The  temperature  is  set  by  adjusting  Rll  in  the  detector  head.   In 
order  to  insure  the  best  possible  transfer  measurements  all  characteriza- 
tions of  the  detectors  have  been  performed  with  the  temperature  of  the 
substrate  controlled  at  30.0  °C  to  better  than  ±0.1  °C.   It  should  be 
noted  that  substantial  changes  in  the  characteristics  of  the  silicon 
detectors  will  occur  especially  in  the  UV  and  IR  if  this  temperature  is 
altered. 

6.   CIRCUIT  DESCRIPTION  AND  DIAGRAMS 

Detector  Head 

The  detector  head  is  shown  schematically  in  Fig.  3  and  a  layout 
drawing  is  given  in  Fig.  4.   The  head  is  connected  to  the  control  unit  by 
two  cables.   It  contains  all  the  sensitive  electronics  in  the  package  and 
should  be  handled  with  extreme  care. 

The  head  electronics  operate  in  the  following  manner.   The  current 
generated  by  the  silicon  detector  SD1  (operated  in  a  photovoltaic  or 
short  circuit  mode)  is  converted  to  a  voltage  using  a  low  noise,  low 
drift  amplifier  (Ul)  with  the  laser  trimmed  resistance  network  Rl  as  the 
feedback  element.   The  resistance  ratios  in  the  metal  film  network  are 
accurate  to  .01%.   The  feedback  resistance  of  the  amplifier  can  be  varied 
from  10  M!w!  to  10  K^  in  decade  steps  by  activating  the  low  thermal  reed 
relays  Kl  to  K4. 

The  output  of  Ul  is  fed  into  a  scaling  amplifier  U3  in  order  to 
compensate  for  the  nominal  absolute  resistance  of  Rl.   The  gain  of  U3  is 
varied  by  adjusting  R14.   The  absolute  uncertainty  in  the  detector  cur- 
rent output  can  be  trimmed  to  approximately  .01%.   The  output  of  U3  is 
fed  directly  into  a  coax  cable  which  is  normally  connected  to  the  input 
of  the  control  unit. 
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Also  included  in  the  head  is  a  temperature  control  unit.   Amplifier 
U2  senses  the  voltage  difference  between  a  set  point  determined  by  Rll  in 
one  leg  of  a  bridge  and  the  thermistor  TH1  in  the  other  leg.   The  ther- 
mistor is  in  thermal  contact  with  the  back  of  the  detector.   U2  drives  a 
follower  Q21  located  in  the  control  unit  which  in  turn  supplies  current 
to  the  heater  HRl  attached  to  the  back  of  the  silicon  detector.   The 
temperature  can  be  stabilized  to  better  than  0.1  °C  at  temperatures 
slightly  above  ambient. 

Control  Unit 

The  control  unit  houses  the  power  supplies,  signal  filter,  overload 
indicator,  and  digital  readout.  The  unit  is  shown  schematically  in  Fig. 
5  and  a  parts  layout  is  shown  in  Fig.  6. 

The  signal  from  the  analog  input  is  fed  into  a  unity  gain  two  pole 
filter  U21  with  time  constants  of  0.1,  0.3,  1.0,  3.0,  and  10  seconds 
adjustable  via  a  front  panel  rotary  switch.   This  signal  is  fed  into  the 
digital  panel  meter  and  output  buffer. 

The  input  is  also  buffered  by  U23  and  examined  by  a  bi-polar  over- 
voltage  indicator  comprised  of  U24  and  U25.   A  voltage  greater  than  ±12 
volts  discharges  the  capacitor  C31  which  in  turn  activates  the  LED  over-: 
load  indicator  D26  via  the  amplifier  U26.   The  resistance  of  R30  controls 
the  recharge  rate  of  C31,  thus  insuring  that  the  LED  stays  lit  long 
enough  to  be  visible  even  for  transient  pulses  at  the  analog  input. 

Another  front  panel  rotary  switch  controls  the  gain  relays  in  the 
detector  head. 

7.   MECHANICAL  DESCRIPTION  AND  DRAWINGS 

Detector  Head 

The  mechanical  parts  of  the  detector  head  are  constructed  from  ten 
basic  pieces.   An  outer  cylinder  illustrated  in  Fig.  7  protects  all  the 
sensitive  electronics.   The  front  plate  in  Fig.  8  holds  a  Delrin  insert 
which  in  turn  holds  the  silicon  detector  in  place.   This  plate  is  fastened 
to  the  inner  half  cylinder  in  Fig.  9  with  two  alien  head  screws.   The 
detector  head  printed  circuit  board  mounts  onto  this  half  cylinder.   The 
back  plate  which  is  shown  in  Fig.  10  has  two  feed-throughs  for  the  detec- 
tor head  control  umbilical  and  output  cables.   This  plate  is  also  mounted 
to  the  inner  half  cylinder  with  two  alien  head  screws. 

A  self-centering  aperture  holder  shown  in  Fig.  11  holds  a  precision 
0.5  cm2  aperture.   The  back  of  the  aperture  is  coated  with  3M  Black 
Velvet  paint  to  minimize  interref lections  between  the  aperture  and  the 
detector  surface.   The  instrument  should  normally  be  used  only  with  this 
aperture  in  place. 

The  two  types  of  self-centering  filter  holders  are  shown  in  Fig.  12 
and  Fig.  13.   These  holders  are  used  to  mount  the  filter  glasses  and 
interference  filters  supplied  with  the  package. 
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